An experiment was conducted to evaluate productive variables and egg component yields of laying hens in the second productive cycle that were fed a low-protein diet with increasing levels of Thr and Met. A total of 480 hens were assigned to a factorial arrangement of 3 levels of Thr (0.42, 0.48, and 0.54%) and 4 levels of Met (0.19, 0.32, 0.45, and 0.58%). Feed intake was lower (P < 0.01) and FE was greater (P < 0.05) at a dietary Thr level of 0.48%. The eggshell percentage declined linearly (P < 0.01) as the level of dietary Thr increased. Egg production, egg mass, and FE were greater at a Met level of 0.32%, and egg weight was greater when dietary Met was 0.45% (P < 0.01). The BW loss (P < 0.01) and the egg albumen percentage (P < 0.10) declined linearly, whereas the yolk percentage (P < 0.10) and eggshell percentage (P < 0.01) increased linearly as dietary Met increased. For maximum egg production and FE, the Thr intakes were 411.5 and 455.8 mg and the Thr:Lys ratios were 65 and 74%, respectively. With regard to Met, for maximum production and egg weight, the intakes of Met were 313.4 and 343.2 mg and the Met:Lys ratios were 49 and 69%, respectively. The estimated digestible Met requirement per gram of egg mass produced was 6.2 mg.
DESCRIPTION OF PROBLEM
Molting programs have been designated to prolong the productive life of laying hens. After molting, eggshell quality increases, along with egg size; consequently, hens lay a large proportion of extra large eggs, for which the economic return most often does not compensate for the costs of production. The size of the egg is directly related to the amount of nutrients needed for the synthesis of the egg proteins and other components [1] . Thus, it is important to search for nutritional strategies with the aim of reducing the size of the egg, without affecting the rate of egg production or the BW of hens [2, 3] . This is a difficult task because of the scarcity of information on the nutritional requirements of laying hens after molting. As a result, the nutrient requirements of second-cycle hens are assumed to be similar to those observed in hens during the first laying cycle [3] .
There have been attempts to modify egg size through different nutritional strategies with hens at the beginning of the laying cycle because these hens produce a large proportion of lightweight eggs. Results have shown that reductions in dietary linoleic acid and CP, as well as removal of the fat source, cause a reduction in egg weight [4] [5] [6] . Likewise, reductions in the dietary levels of the majority of limiting amino acids may affect egg weight [7] . In this regard, one of the most studied amino acids is Met. Several studies have reported reductions in egg weight when dietary Met is below the recommended concentration for optimal performance [8] [9] [10] in both first-and second-cycle laying hens.
When a high-protein diet restricted in the intake of Met was fed to hens during the first and second cycles of production, egg size was reduced, without detrimental effects on egg production or BW [8] . Because an excess of dietary protein has a large impact on the cost of production and is related to environmental pollution through manure disposal, it is important to know whether a low-CP diet supplemented with crystalline amino acids can reduce the egg size without affecting other productive variables in laying hens. In addition, reducing the egg size may be a means of reducing the nutrient requirements of hens because a smaller egg requires a smaller amount of nutrients. Therefore, the present study was conducted with the aim of evaluating productive variables and egg component yields in laying hens in the second cycle of production fed a low-CP diet supplemented with increasing levels of crystalline Thr and Met.
MATERIALS AND METHODS
A total of 480 second-cycle Hy-Line W-36 [11] hens (100 wk of age) were used. They were assigned to cages in a complete randomized block design with a factorial arrangement of 3 levels of Thr (0.42, 0.48, and 0.54%) and 4 levels of Met (0.19, 0.32, 0.45, and 0.58%). To supplement increasing levels of Thr and Met, a basal diet was formulated with sorghum and soybean meal that contained 14.0% CP, 2,900 kcal of ME/kg, 0.42% of Thr, and 0.19% of Met on a digestible basis (Table 1) . Ileal digestibility coefficients were obtained from the tables published by Mariscal et al. [10] . Once the diet was mixed, it was divided in 12 equal portions, and to each one, crystalline sources of Thr and Met were added to obtain the desired combinations. Crystalline Lys was added to the basal diet to ensure that each diet contributed a minimum level of 0.65% Lys on a digestible basis. Based on the ideal profiles proposed for hens [12] , the diets that contained levels of 0.48% Thr and 0.32% Met corresponded to adequate diets to support optimal production. At these dietary concentrations, the ideal ratios with respect to Lys were 73% for Thr and 49% for Met (Table 2) .
Each treatment consisted of 5 replicates. Each replicate consisted of 4 cages with 2 hens/cage, for a total of 8 hens in each replicate. Hens were allocated in holding batteries provided with metallic feeders and bowl drinkers. Birds had free access to water and feed. During the experiment, feed intake and egg production were recorded daily, all eggs were weighed each week, and egg components were examined every 2 wk using 2 eggs/replicate. Hens were weighed at the beginning and end of the experiment. The study lasted 6 wk.
The results were subjected to ANOVA by using the GLM procedure of SAS [13] . The block criterion was the battery location in the hen house. Percentage data were transformed to arcsine data before analysis. Orthogonal polynomials were used (Thr: linear and quadratic effects; Met: linear, quadratic, and cubic effects) to determine the effect of increasing amounts of Thr and Met on the response variables.
RESULTS AND DISCUSSION

Effects of Thr
The daily feed intake was lower in hens fed a diet with 0.48% Thr (P < 0.01; Table 3 ) compared with hens fed the first and third level of Thr. In spite of this, the daily Thr intake increased linearly in parallel with dietary Thr (data not shown). The reason for the lower feed consumption of hens fed a diet with 0.48% Thr is not known. In contrast to the present result, Valério et al. [14] found no differences in the feed intake of hens from 21 to 36 wk of age that were fed a diet with similar CP content and increasing levels of Thr, as used in the present research. In addition, Martinez-Amezcua et al. [15] found no differences in the feed intake of hens fed different Thr levels. However, in other studies linear increases were observed in feed intake with Thr levels above normal dietary recommendations [16, 17] .
The laying percentage was not different among hens receiving the different dietary Thr levels. This suggests that for adequate egg production, the digestible Thr requirement should The FE also showed a quadratic pattern (P < 0.05), being greater with a dietary Thr concentration of 0.48%, which was equivalent to an intake of 455.83 mg of digestible Thr/bird per day (adjusted to a feed intake of 94.97 g/bird per day). This value was greater than the requirement of 405 mg of digestible Thr reported for FE by Ishibashi et al. [17] . The greater requirement of Thr for FE than for egg production agrees with the reports of other authors [15, 18] .
The lack of differences in egg weight attributable to increasing dietary levels of Thr agrees with observations made by Ishibashi et al. [17] and Valério et al. [14] . In contrast, other researchers have reported increases in egg weight with increasing dietary Thr levels [15, 16] . These discrepancies may be because the basal diets used by Ishibashi et al. [17] and Valerio et al. [14] and the diet in the present study contained fixed levels of CP (that coincidentally were similar in the 3 reports) to which increasing levels of crystalline Thr were added, whereas Huyghebaert and Butler [16] and Martinez-Amezcua et al. [15] increased the dietary protein concentration to increase the Thr levels.
For adequate egg production and FE, the Thr:Lys ratios were 65 and 74% ( Table 2 ). The Thr:Lys ratio observed for FE was just above the range of 68 to 73% previously reported for layers [3, 12] , and the Thr:Lys ratio observed for egg production was slightly below this range.
In a recent literature review, it was estimated that, on average, the quantity of digestible Thr required for maximum egg mass was 489 mg/ bird per day [19] . This value is approximately 7% greater than the requirement for maximum FE observed in the present study. One of the main factors in this difference may be that second-cycle laying hens with lower egg production were used in the present study, whereas first-cycle laying hens were used in the studies reviewed. Another factor may be the differences in the digestibility coefficients the authors used to estimate the Thr requirements, as cited by Locatelli [19] .
Even though the egg weight and percentages of yolk and albumen were similar among treatments, the eggshell percentage decreased linearly (P < 0.05) as the level of Thr increased in the diet. The explanation for this result is unknown.
Effects of Met
The daily feed intake (P < 0.01), laying percentage (P < 0.01), egg mass (P < 0.01), and FE (P < 0.01) reached the greatest response at a Met level of 0.32% (Table 4 ). The observed results closely resembled those reported by other researchers [9, 20, 21] . The estimated intake of digestible Met for maximum production was 313.4 mg/bird per day. In the published literature, great variation in the Met requirements has been observed, ranging from 300 to 462 mg of Met consumed/bird per day [18, [20] [21] [22] . In the studies mentioned, the reason for these discrepancies may be associated with differences in the age and weight of the hens, the level of production, strain characteristics, and environmental factors. In addition, in the studies cited, no mention was made of whether estimates of Met requirements were expressed on a digestible or total basis.
For adequate egg production and FE, the Met:Lys ratios were 49 and 69%, respectively ( Table 2 ). The Met:Lys ratio observed for egg production was in the upper limit of the range suggested for layers of 43 to 49% [3, 12] , and the Met:Lys ratio observed for FE was far above this range. In addition, from the results of the present study, it is estimated that the digestible Met requirement per gram of egg mass produced (mg of digestible Met consumed/g of egg mass) was 6.2 mg. This value is higher than the requirement of 5.0 mg reported by Fisher [23] from a review of 4 studies, but is within the estimated range of recent results, which varied from 5.9 to 8.2 mg of digestible Met per gram of egg mass [9, 21, 22] . With the exception of the last value (8.2 mg), most of the numbers found are in close agreement, which suggests that when the Met requirement is adjusted to the rate of egg mass produced, the requirement may be constant, in-dependent of the age of the hen and level of hen production.
Egg weight showed the greater response (P < 0.01) at a Met level of 0.45%, which was equivalent to an intake of 443.2 mg of digestible Met/bird per day (adjusted to a feed intake of 98.5 g/d). In other studies, a greater response in egg weight was also observed, even after the maximum rate of production had been reached [9, 22, 24] .
With regard to BW, in the present study, as the level of dietary Met diminished, BW loss increased (P < 0.01), reaching a maximum loss at the lowest Met level. This finding suggests that if the lowest level of Met is used to reduce the egg size, egg production declines, and if the Met deficiency is longer than the period used in this research, BW as well as egg production could be notably reduced. During the 6 wk of the study, hens with a Met deficiency lost approximately 8% of their body mass.
The linear increase in yolk percentage (P < 0.10) and the linear decrease in albumen percentage (P < 0.10) with each increase in dietary Met did not agree with previous results, in which yolk and albumen percentages were unresponsive to increases in dietary Met [9] . A response that also did not agree with other results was the greater eggshell percentage as the level of Met increased (P < 0.10). Previously, it was observed [8, 25, 26] that the eggshell weight was constant throughout the egg production cycle. Nevertheless, the egg weight markedly increases as the hen ages, resulting in reductions in the percentage and thickness of the eggshell [25, 26] . This was corroborated in a study in which the egg weight was reduced as the Met intake was restricted but the quality of eggshells was improved [8] . The conflicting results in the percentages of yolk, albumen, and eggshell in the present study in relation to other findings are difficult to explain. 
CONCLUSIONS AND APPLICATIONS
